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1. Research and Production of Advanced Steels
Dr. Han DONG, Director of ISM, CISRI and Director of NERCAST

It’s an honor of me to be invited to give a plenary
speech on the 9" Ultra-Steel Workshop, which was
successfully held on July 20-21, 2005 in Tsukuba. This
workshop once again provided an opportunity for steel
people in Japan to show their most recent research
achievements in the fields of ultrafine grained steels,
heat resistant steels, high strength bolt steels as well as
advanced steel processing and the realization of new
structural systems using ultra-steels. It was also a good
chance for steel people from around the world to
exchange new ideas concerning the development of
advanced steels. It was one of the well-organized
workshops that | ever attended.

Since the end of last century, steel people all around
the world have been showing strong interest at grain
refinement into microns or sub-microns in scale to
seek a potential way to increase strength without any
loss in ductility and toughness. The administrations of
Japan, Korea, EU and China funded the nationwide
research projects for grain refinement in steels, Ultra
Steel and Super Metals in Japan, HIPERS’ 21 in Korea,
Ultrafine Grained Steels in EU, and NG Steel in China.
Based on these research projects, a large amount of
research results were published.

The Ultra-Steel project started in 1997 in Japan,
focusing on the development of advanced steels with
double strength and double life. In the first five years,
several types of ultra-steels were developed together
with new technologies related with them. In the
second phase, “double strength in service and more
than doubled life of structure” have been pursued with
attempts to apply them into the specific steel structures.
We are glad to know from the Japanese researchers
that these attempts are being driven successfully with
accumulating further new findings under good
collaboration with end users. These include high
strength corrosion resistant steels for bridge, heat
resistant steels for high efficient and coal-fired power
plant, and ultrafine grained steel sheet for automobile.
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A typical example is the fabrication
of recyclable ultra-fine grained 800
MPa steel plates 25 mm in thickness
for new infrastructure.

Like the Ultra-Steel project in
Japan, the HIPERS’ 21 project,
which started in 1998 in Korea, was iy
in an effort to develop three kinds of i\
innovative structural steels, i.e. 800
MPa grade structural steel, 1500 MPa high strength
bolt steel, and seaside corrosion resistance steel. Apart
from the former two kinds, another kind of 400 MPa
grade plain low carbon steel was also included in the
NG Steel project, taking into account the big amount
of production of plain carbon steel rebar in China. One
characteristic of these advanced steels is ultrafine
grains of several microns or sub-microns in scale that
can be obtained by thermomechanical method. While
the Japanese researchers like to use the traditional term
TMCP (Thermomechanical Controlled Process) for the
process that results in ultrafine grained microstructure,
the Korean researchers and the Chinese researchers
call it SIDT (Stain Induced Dynamic Transformation)
and DIFT  (Deformation Induced Ferrite
Transformation),  respectively, considering the
important role of strain or deformation during the
ferrite transformation. Besides the experimental works
in laboratories that lead to some understandings of the
phenomena, field productions have also been tried and
showed great successes. Like the Ultra-Steel project in
Japan, the NG Steel project in China is now at its
second five-year phase, which also covers some other
kinds of steels, such as weathering steel, high nitrogen
steel and fatigue resistant spring steel.

With the rapid development of China’s steel
production and consumption in recent years, it is of
great importance for us to develop and use advanced
steels instead of conventional steels to alleviate the
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increasing burden on iron ore supply, transportation,
energy consumption, and environment pollution. To
focus on the development of advanced steels with the
characteristics of high performance, energy saving,
resources saving, near-net shape and low cost, the
National Engineering Research Center for Advanced
Steel Technology (NERCAST) was launched in June
2004 under the authority of the National Development
and Reform Commission of China. It is a share holder
R&D center, whose shareholders include eight major
steel plants, three metallurgy oriented universities, one
metallurgical engineering company and one steel
research institute. The target of NERCAST is to
research and develop advanced steels instead of
conventional steels to meet demands for energy saving,
resources saving and environment benign in the steel
processing and application.

The traditional methods to increase the ultimate
tensile strength of plain carbon steel are to increase the
carbon and/or manganese content, but such methods
obviously reduce the weldability of the steel. Our
research results show that the strength of plain carbon
steel can be improved largely if the ferrite grains are
refined to micron scale. The ideas to develop new
plain low carbon steel were to be promoted in both the
rebar and strip production in some Chinese steel plants.
A good combination of strength and ductility has been
obtained in the advanced plain low carbon steel rebar
and strip produced in steel plants. Higher strength and
toughness could be achieved in hot rolled steel rebar
and strip through microstructure control by the
addition of microalloying elements.

Microalloying elements play an important role in
grain refinement and precipitation, which bring about
strength increase and toughness improvement.
Through grain refinement to about 2 microns, the yield
strength of microalloyed steel can be increased from
less than 400 MPa to 600 MPa, which is the target of a
new microalloyed steel we developed. It is believed
that DIFT is the effective mechanism to form ultrafine
grains in microalloyed steels. Through DIFT rolling,
ferrite grain in hot rolled strip can be refined to about
one micron in size. The effect of microalloying
elements on DIFT is still ambiguous. Our research
results show that it is important to let Nb precipitation
occur before potential ferrite induced from austenite to
realize DIFT rolling in Nb microalloyed steels since
DIFT will be promoted through the addition of Nb
only if Nb precipitates during deformation, which may
depress recrystallization and increase accumulative
deformation energy.

In general, high strength steels are very much
susceptible to delayed fracture when the tensile
strength is over 1200 MPa. In our center, 1300 MPa
and 1400 MPa grade steels of delayed fracture
resistant bolt have been developed for automobile
engine and suspension. It is medium carbon Cr-Mo
steel with the addition of microalloyed elements V and
Nb to refine the grain size and to form carbides for
hydrogen trapping, which are believed to improve
delayed fracture resistance. Industrial trials for the new
delayed fracture resistant steels were performed in

Dongbei Specialty Steel Co. The steels were melted in
EAF and refined in LF/VD. The prior austenite grain
sizes of the new steels were around 8 microns, while
that of a commercial Cr-Mo steel was around 20
microns. The new steels showed a much higher Kscc
value than the commercial Cr-Mo steel at the same
strength level, as well as the transgranular fracture
instead of intergranular fracture.

Ultrahigh strength steels are mainly used in the
aeronautic and aerospace equipment, in which high
specific strength is greatly demanded. In our center, a
steel with the ultimate tensile strength of 2000 MPa
and fracture toughness of over 100 MPam™? has been
developed through secondary hardening and the
purification steelmaking, with the sum of sulfur,
phosphorous, oxygen, nitrogen and hydrogen contents
less than 50 ppm.

The large amount of stainless steel consumption in
China could bring about resource shortage worldwide.
The high nitrogen steel (HNS) could be used as a
candidate to replace the high nickel stainless steels.
Based on ideas to get high nitrogen contents into melts
and keep them in solution during solidification, a
Cr-Mn-N high nitrogen stainless steel has also been
developed in NERCAST with nitrogen content of
0.68% and twice the yield strength of the commercial
stainless steel AISI 316.

Exchanging ideas is a common purpose in
international networking. Actually, based on the
nationwide projects on advanced steels, several
platforms for international exchange have already been
established. The first one is the ICASS (International
Conference on Advanced Structural Steels). It was
successfully held in Japan in 2002 for the first time
and in China in 2004 for the second time. Next year,
the third ICASS will be held in Korea. The ISUGS is
the second platform for steel people around the world
to exchange their research achievements on ultrafine
grained steels. This year, the third ISUGS will be held
in China, following the first in Japan in 2001 and the
second in Australia in 2003. Of course, the Ultra-Steel
Workshop also plays an important role as such a
platform like HIPER’21 Workshop and NG Steel
Workshop once did. Other bilateral symposia such as
the Japan-China Workshop on Automobile Materials
and the Japan-China Symposium on USC Materials
are also important in the specific field. Still, we can
find some other opportunities, for example, ISIJ
Meetings or CSM Annual Meeting. We encourage our
researchers to share new ideas with steel people
around the world through these platforms. Besides, we
would also like to have research collaboration with
steel people around the world.

Steel is one of the advanced materials, due to its
high performance, rich in resources, mass in
production and low price. Steel is also a complicated
material with an amazingly large number of variants,
especially phases in steels, and new discoveries are
still being made. The products made with steel are
safer, stronger and better in value. That’s why people
in steel society always show strong interest in the
research on advanced steels.
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